The purpose of this survey was to determine the association of parents' attitudes and behaviors toward children's visual care with myopia risk in school-aged children.
Introduction
Myopia is a worldwide health problem leading to pathological ocular complications and visual impairment. [1] The prevalence of myopia in Asia has been reported to be higher than in other parts of the world. [2] In China, the prevalence of myopia in children aged 7 to 18 years has been reported to increase from 47.5% in 2005 to 55.5% in 2010, and to 57.1% in 2014. [3] Myopia has a higher prevalence in school-aged teenagers [4] [5] [6] [7] and the age of onset shows a younger tendency. [8] Myopia is a complex condition of which the onset and development is associated with genetic [9, 10] and environmental factors. [11] It was reported that children with parental myopia exhibited a higher risk of myopia than those whose parents were emmetropic. [5, [12] [13] [14] However, it was indicated that the rapid change in the prevalence of myopia may result from the dominant impact of environmental factors. [15] For environmental factors, some studies have shown that near work and outdoor activities are potential factors associated with the myopia risk. [14, [16] [17] [18] [19] Parents are generally the sole guardians of children. Traditionally in China, school-aged children are always inclined to agree to parents' arrangements. What is more, previous studies revealed that parental attitudes and behaviors had an important influence on children's physical activities and screen time. [20, 21] Thus, we hypothesized parents' attitudes and behaviors toward children's visual care have a significant influence on children's myopia risk. However, the association, to the best of our knowledge, has rarely been reported. Our study focused on parents' attitudes and behaviors toward children's visual care to evaluate their association with children's myopia risk.
Methods

Participants
A total of 1004 parents of school-aged children were recruited in our study by stratified cluster sampling on July, 2015. They came from different districts of Wuhan, in which the Hongshan, EastWest Lake, and Jiangan districts were randomly selected within the central urban area, and the Huangpi and Xinzhou districts within the noncentral urban area. Two primary schools and 2 middle schools were chosen randomly from every district. Children in grade 1, grade 3, and grade 5 were selected from the primary school, grade 1 from the junior high school (described as grade 7 in the following text), and grade 1 from the senior high school (described as grade 10 in the following text), respectively. In each cluster, children meeting the following criteria were recruited: informed consent form signed by parents and no history or current severe disease. Children were excluded if they have the history of intra ocular surgery or ocular trauma, and if children's parents did not know whether they were myopic. Children's parents in these classes were asked to complete the questionnaire.
Ethics statement
The study was approved by the Medical Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology, and followed the guidelines of the Declaration of Helsinki. The nature of the study was explained to parents and school students, and written informed consent was obtained from the parents of all participating students.
Investigated variables
The questionnaire focused on demographic information and parents' attitudes and behaviors toward children's visual care. The demographic information included the age, gender, education, occupation, place of residence, and eyesight status of the parents and children's characteristics such as gender, age, grade, and vision. Questions were asked concerning parents' attention to children's vision, including when they began to pay attention to their children's vision. The questionnaire evaluated parents' behaviors toward children's visual care by the following questions: whether they reminded children to relax their eyes after using them for a long time; whether they provided their children with foods with vision-protecting properties; whether they educate their children about vision-protecting knowledge; whether they adjusted the parameters of electronic devices (i.e., brightness, contrast, and softness); whether they pay attention to children's visual hygiene; whether they stopped their children using electronic screen devices in dim light; how frequently they rectified their children's sitting and pen-holding postures when doing homework; how frequently they took their children to outdoor activities, and whether they ensured that their children got sufficient sleep. Most of the questions were multiple-choice: never, sometimes, often, and always. Parents' attitudes to children's visual care were also investigated, which included their expectations on their children's vision, and the attitude to children's lower vision.
Methods of myopia diagnosis
We screened children's vision in primary and middle school in Wuhan every year, which was required by the Wuhan bureau of education. Two steps were taken to diagnose children's myopia. First, noncycloplegic refraction was measured by the autorefractor (TOPCON ACP-8). The DK-10 phoropter was used to test for ametropia in each naked eye. Second, if myopia was suspected in the children, their parents were required to take them to eyesight examinations using cycloplegic refraction. Cycloplegia was achieved by using 1% cyclopentolate eye drops. Three drops of cyclopentolate were administered at 5-minute intervals and the cycloplegic refraction was measured about 30 minutes after the last application. With the cycloplegic refraction, myopia was defined as spherical equivalent (SE) of refractive error of less than -0.5 diopters (D). [22] 
Statistical methodology
Statistical analyses were performed by using SPSS version 12.0. The continuous variables were presented as the mean ± SD; categorical variables were presented as n (percentage). The chisquare analysis was performed to assess the differences in the characteristic of the categorical variables and t-test analysis for continuous variables. After univariate analysis of potential associations, we performed the generalized liner mixed model with children's eyesight as the dependent variable and all parameters as fixed effect variables which showed a significant association with children's myopia risk in univariate analysis and clusters of school as the random effect variable. The generalized linear mixed model was used to identify the independent risk factors for myopia and explore the association between myopia of school-aged children and parents' attitudes and behaviors toward their children's visual care. P < .05 was considered to be statistically significant. Odds ratios (OR) and 95% confidence intervals (95%CI) were calculated for risk factors that were independently associated with myopia in this population.
Results
Of the 1004 parents recruited in this study, 45 invalid questionnaires and 65 questionnaires in which the parents did not know whether their children were myopic or not have been excluded. As a result, a total of 894 parents were included in our study. Table 1 showed the demographic characteristics of parents and children. Among these, 54.4% of respondents were mothers. More than half of the parents' education background was above high school, and 6.3% parents with the lowest percentage had been educated to a postgraduate or higher level. 52.5% of families lived in the central urban area, compared with 47.5% in the noncentral urban area. The mean age of the total children was 11.37 ± 2.83. Among these, the nonmyopia group was younger than the myopia group (t = -12.451, P = .000). More children in grade 1 and 3 were not myopic in contrast to children in grade 5, 7, and 10. There were no significant differences in these characteristics between the myopia and nonmyopia groups, except the children's age and grade (P = .000).
The chi-square analysis of the parents' attitudes and behaviors associated with children's myopia risk is shown in Table 2 . There was a significant difference in the time when attention was paid to children's vision (x2 = 57.794, P < .001), and the time in the myopia group was comprised of preschool (3.3%), primary school (75.1%), and junior or senior school (21.6%) whereas that in the non-myopia group was made up of preschool(12.1%), primary school (81.3%), and junior or senior school (6.7%). Paying attention to children's near work hours was significantly different (x2 = 13.107, P < .001) between the myopia group with Whether parents paid attention to children's visual hygiene was significantly different (x2 = 17.536, P < .001). "Yes" in the myopia group was 85.5% compared with 93.9% in the nonmyopia group. As for the adjustment of the parameters of their children's electronic devices, never and sometimes were selected more frequently in the myopia group than in the nonmyopia group. However, often and always were less frequently chosen (x2 = 29.088, P < .001). Parents' expectations on children's vision between the myopia group and the nonmyopia group were significantly different (x2 = 36.058, P < .001) with 1.5 or higher in the nonmyopia group at 53.8% and only 33.1% in the myopia group. When asked if they stopped their children using electronic screen devices in dim light, 69.8% of parents in the myopia group chose "always" in contrast to 79.1% in the nonmyopia group with a significant difference (x2 = 9.890, P = .002). In answer to the question how frequently they rectified their children's sitting and pen-holding postures when doing homework, the percentage of parents (53.8%) in the myopia group who indicated that they always paid attention was significantly different from that of the nonmyopia group (64.2%)(x2 = 9.428, P = .002). More parents often took their children to participate in outdoor activities in the nonmyopia group (54.9%) than in the myopia group (34.0%) with a significant difference (x2 = 36.625, P < .001). 96.2% of parents in the nonmyopia group ensured that their children had sufficient sleep compared with 87.6% in the myopia group with a significant difference (x2 = 24.006, P < .001).
The results of the generalized linear mixed model of parents' attitudes and behaviors associated with their children's myopia risk are shown in Table 3 . After adjusting for the potential confounders of children's age and gender, the following 4 factors associated with children's myopia risk were found. Compared with preschool, children whose parents only began to pay attention to their vision when they were in junior or senior school had the highest risk of myopia (OR = 3.11, 95%CI = 1.28-7.58, P < .05), followed by those when they were in primary school (OR = 2.12, 95%CI = 1.01-4.45, P < .05). Children whose parents expected their children to have vision of at least 1.5 had a significantly decreased risk of myopia (OR = 0.49, 95% CI = 0.36-0.67, P < .001), compared with 1.0 and 0.5 or lower. Compared with never, parents who adjusted the parameters of their children's electronic devices sometimes (OR = 0.49, 95% CI = 0.31-0.79, P = .003), often (OR = 0.53, 95%CI = 0.33-0.85, P = .009), and always (OR = 0.44, 95%CI = 0.26-0.75, P = .002) decreased the risk of myopia significantly. Children who were ensured sufficient sleep had a significantly decreased risk of myopia (OR = 0.45, 95%CI = 0.24-0.85, P < .05). However, no significant association between parents' behaviors of taking children to participate in outdoor activities and their children's myopia risk was observed after adjusting for the potential confounders (OR = 0.74, 95%CI = 0.53-1.04, P = .081).
Discussion
Prevalence of myopia is associated with heredity [9, 10] and environment. [11] Wojciechowski's study [23] indicated that the myopia "epidemic" was considered to be related with the environmental and behavioral factors. For the environmental factor, most attention was paid to the near work and to outdoor activities. [14, [16] [17] [18] [19] Studies have reported that children's health is significantly associated with parents' attitudes and behaviors. [24] [25] [26] However, the influence of parents' attitudes and behaviors on children's myopia risk was rarely reported. Our study has found that parents' attitudes and behaviors toward children's visual care can influence the myopia risk of school-aged children to a large extent.
According to the chi-square analysis, our study found that parents' behaviors such as paying attention to children's near Table 1 Demographic characteristics of parents and children.
Variables
Myopia group n (%) Nonmyopia group n (%) All n (%) P work hours and visual hygiene, adjusting the parameters of electronic devices, stopping children using electronic screen devices in dim light, rectifying children's sitting and pen-holding postures when doing homework, taking children to participate in outdoor activities, and ensuring sufficient sleep for their children could all decrease the myopia risk. Our study also found that the time at which parents paid attention to their children's vision and parents' expectations on their children's vision were both associated with the myopia risk.
The results of the generalized linear mixed model indicated that paying attention to children's vision early, parents' high expectations on their children's vision, frequent adjustment of the parameters of electronic devices, and ensuring sufficient sleep for their children had all protected children from myopia.
Our study has found that if parents pay attention to children's vision early, the risk of children's myopia will be decreased. It has been reported that the preschool period is crucial for the development of eyesight, besides, children can achieve the best possible eyesight before puberty. [27] So if intervenes can be taken during preschool period, school-aged children will have a lower risk of myopia. In terms of the relationship between attitudes and behaviors, attitudes can contribute to the behavior intention and finally to the relevant behaviors. Besides, stable and accessible attitudes have a strong association with future behaviors, [28] and parents' positive attitudes can result in effective behaviors toward their children's eyesight. Parents pay attention to their children's vision at an early stage and consequently intervene by, for example, restricting the number of hours their children spend doing near work and by increasing outdoor activities which are considered as factors protecting against myopia. [14, [16] [17] [18] [19] So the time when parents pay attention to children's vision may be associated with the time of parents' behaviors in protecting their children's vision, and consequently influences children's myopic development.
Our study found a lower risk of myopia if parents had higher expectations on their children's vision. Parents with higher expectations on their children's vision may pay more attention to their children's vision and take more measures to prevent children from myopia. According to the expectancy effect, [29] parent's expectations on children's vision may also have an influence on Table 2 Distribution of risk factors of the children's myopia.
Myopia group
Nonmyopia group x2 P n (%) n (%) Fernández -Montero's study [30] found that longer computer usage times increased the risk of myopia development or progression. Our study indicated that parents' adjustment of the parameters of their children's electronic devices (i.e., brightness, contrast, and softness) frequently has a protective effect on the myopia risk. In terms of Shen's finding [31] that human visual comfort was associated with the balanced screenbackground luminance ratio by varying background luminance, we can also mediate the screen luminance in order to enhance visual comfort. So when children use electronic screen devices, attention should be paid not only to the time, but also to the devices' parameters.
By ensuring sufficient sleep for their children, parents can also reduce the risk of children's myopia. The result is in line with Gong's finding [14] that children who slept for shorter periods of time were significantly more likely to have myopic refractions. Jee's study [32] also found that myopia had an inverse relationship with sleep duration. The reason cannot be explained completely at present. Regular sleep is a crucial part of circadian rhythms which guarantee normal growth and development, but the ocular rhythms disturbed by deficient sleep have a negative influence on eye growth. [33] According to animal experiments, deprivation of sleep in mouse could result in the refractive error, [34] and studies has found the significant role of dopamine on the onset and development of myopia, [35] both of which play an indicating role in human myopia. So the appropriate sleeping time of schoolaged children should be guaranteed to help prevent them from developing myopia.
Although some surveys have reported the association between outdoor activities and myopia, this issue remains controversial. In the current study, the frequency of taking children to participate in outdoor activities is not associated with children's myopia risk after adjusting for the confounders. It is consistent with Lin's finding, [19] but contrasts with other studies. [16, 17] In conclusion, parents' attitudes and behaviors have an influence on children's myopia risk. This may not only make children conscious of the importance of protecting their vision, but also rectify children's unhealthy visual habits to prevent myopia. In the future, it is important to take more measures to educate parents on how to protect children's vision, and efforts can be made in the following aspects: print some brochures about healthy habits with eyes and distribute them to parents; regularly held parents' meeting to carry out health education about eyesight protection; establish the record of health management on eyesight to warn parents early. As a consequence, the incidence of children's myopia can be decreased as a result of parents' positive attitudes and behaviors toward children's visual care.
The study also has some limitations. First, parents' attitudes and behaviors were obtained from questionnaires, which could be subject to recall bias. In addition, as a case-control study, the cause or effect of parents' attitudes and behaviors toward their children's myopia development was not clear. So the future cohort study with a larger sample size is required to demonstrate the association between parents' attitudes and behaviors and children's myopia risk. 
